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INTRODUCTION

Menopause drastically increases the risk of osteoporosis. Aside
from drug therapy, lifestyle and nutritional factors play an important role in
the maintenance of skeletal health. The objective of this study was to
investigate the effects of soybean on bone health, and to discuss the role of
soybean isoflavones on osteoporosis in ovariectomized (OVX) rats. A total
of 105 female Wister albino rats having an average weight of 140-150 gm
were used. They were divided into three control and three treated groups.
The three control groups were: normal control, sham operated control
(positive control) and OVX control (negative control), each group consisted
of 20 animals. The treated groups, 15 animals each, received soybean (30,
60, 90 gm/70kg/human b.w )  which corresponds to the three doses ( 60,
120, 190 mg/145 gm rat b.w ) daily, then were left on AIN-93M diet and
fresh water adlibitum for three months Compared to OVX-control group,
OVX female rats fed on soybean showed significant increase in femur bone
weight, femur bone Ca++ and serum Ca++. This was accompanied with a
decrease in serum PTH. There were little differences in serum total E2 in the
three treated groups. Free T3 and free T4 decreased but Serum TSH
significantly increased in in OVX female rats fed only on 190 gm
soybean/145 gm rat b.w . These results may indicate that soybean may have
adverse effects on bone health and thyroid gland function resulting in the
suppression of thyroid hormone synthesis in ovariectomized female albino
rats.

Copy Right, 1JAR, 2015,. All rights reserved

future trials that combine these phytonutrients with established bone nutrients (i.e. calcium and vitamin D) are
needed to determine whether combined strategies can produce more robust effects on skeletal health( Sandra

etal. ,2013).
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The fermented soybean-based foods have played an important role in traditional diets around the world
for many centuries, and Bacillus subtilis is typically used in the fermentation of soybean-based foods ( Lin et
al.,2012).

The word "menopause” literally means the "end of monthly cycles” from the Greek words: pausis means
"cessation™ and the word men from mensis meaning "monthly".

Menopause is a period normally occupying one-third of women's life. Reduced bone density is one of
the most prominent symptoms during menopause (Karnataka, 2008).

Osteoporosis is one of the most important endocrine diseases, characterized by bone resorption which
exceeds its formation, an imbalance between the activity of osteoclast and osteoblasts, reduce bone mass and
structural deterioration of bone tissue with a resulting increase in bone fragility and fracture risk (Nussey and
whitehead, 2001; Chan et al., 2003; Barlow, 2007; Hohenhaus et al., 2007 and Levine et al., 2007). Hormones,
such as osteoblast to maintain mineral homeostasis and to influence a variety of bone cell functions (Marie, 2001
and Strewler, 2001). Increased PTH secretion leads to an increase in bone resorption and contributes to general
skeletal demineralization, which is related to estrogen deficiency and requires suitable medical treatment
(Silverberg and Bilezikian, 1994 and McKane et al., 1997). Currently available treatments for postmenopausal
osteoporosis include hormone replacement therapy (HRT). HRT has traditionally been used for treatment of
menopausal disorders (WHI, 2002 and Ahlborg et al., 2004). Estrogen play a key role in the maintenance of the
adult skeleton (Heaney, 2002; Riggs et al., 2002 and Nelson et al., 2005). It acts as a potent anabolic steroid
concerning bone mass (via estrogen receptor, ERa and ERP on bone cells) by directly suppressing bone resorption
(Setchell and Lydeking-Olsen, 2003). Indirectly, estrogen is also thought to exert skeletal effects through
enhancement of intestinal calcium absorption by way of its trophic effect on 1,25(0OH), vitamin D3 and perhaps
independently (Perez et al., 2008). However, not all women can, or prefer to take HRT. Side-effects such as
breast, endometrial and ovarian cancer, cardiovascular disease, cholethiasis, breast tenderness, mood changes,
venous thromboembolism, pulmonary embolism and ischemic stroke may result (Katzung, 2001; Nussey and
Whitehead, 2001; Beck et al., 2003; Hays et al., 2003 and Peverill, 2003). As a result of the adverse effects of
HRT, many authors have shown the interest in phytoestrogen, a group of plant-derived compounds which are
structurally and functionally similar to estradiol. Many foods contain phytoestrogens, but soybeans are
particularly rich in isoflavones, one of the common classes of phytoestrogens.

Soybeans (Glycine max) are unique foods because of their rich nutrient content. These legumes are
composed of macronutrients such as lipids, carbohydrates and proteins. Soybean also contains micronutrients,
which include isoflavones, phytate, saponins, phytosterol, vitamins and minerals.

Isoflavones are mainly found in soybean, the most important dietary source of phytoestrogens for
humans, cattles and rodents. The main isoflavones found in soybeans are genistein, daidzein, glycitein and their
respective acetyl, malonyl and aglycone forms (Lee et al., 2003 and Kim et al., 2005). Isoflavones may have
antiatherosclerotic, antioxidative, anti-tumorial and antiestrogenic activities (Scheiber et al., 2001; Messina,
2002 and McCue and Kalidas, 2004). The structural similarity of isoflavones to estrogens enable them to bind to
estrogen receptors and provide them the ability to mildly mimic and in some cases act as antagonist to estrogen on
tissues (e.g. breast and endometrium) (Nussey and Whitehead, 2001; Hurst, 2002 and Cassidy and Dalais,
2003). When the level of estradiol is low, as it is in menopause, isoflavones exert more agonist properties (e.g. on
bone and plasma lipid) and thus mildly mimic endogenous estrogen actions (Collins et al., 1997 and Setchell and
Cassidy, 1999).

Role of soybean on osteoporosis Alekel et al. (2000);Clifton-Bligh et al. (2001); Setchell and
Lydeking-Olsen (2003); Crisafulli et al. (2004); Cassidy et al. (2006);Ye et al. (2006); Marini et al. (2007);
Ma et al. (2008); Marini et al. (2008); Atmaca et al. (2008) and Taku et al. (2010) said that consumption of 90
— 126 mg isoflavones/day for short duration (less than three months) inhibits bone resorption and stimulates bone
formation so that isoflavones have beneficial effects on bone mineral density and bone mechanical strength in
postmenopausal women.

Shi and Su (2000) suggested that soy proteins with isoflavones attenuated bone loss, increased calcium
retention and decreased calcium excretion in OV X rats.

On the other hand dietary supplementation of isoflavones have minimal or did not have synergistic
effects on bone resorption, bone turnover, bone mineral density and calcium metabolism in postmenopausal
women (Wangen et al., 2000; Cheong et al., 2006; Brink et al., 2008 , Kenny et al., 2009 and Azza etal.,
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2014 ), in OVX rats (Picherit et al.,2001; Breitman et al., 2003; Picherit et al., 2003; Fonseca and ward,
2004; B

Epidemiological studies suggest that consumption of soybeans or soy foods has been related to
decreasing the risk of getting some types of breast and prostate cancer, cardiovascular diseases or osteoporosis
(Park et al.,2012).

ahr et al., 2005; Nakai et al.,2005 and Figard et al.,2006) and in OV X monkeys (Jayo et al., 1996).

Zhang et al. (2001) said excessive soy intake has been reported to be responsible for the development of
goiter, including thyroid enlargement in rodents. this findings suggest that intake of soy may reduce the
efficiency of thyroid hormone function and that soybeans may contain goitrogens that can interfere with the
utilization of iodine or functioning of the thyroid gland and cause thyroid problems.

Jayagopal et al. (2002) consuming soy protein isolate (SPI) of varying isoflavone content suggested
that it decreased free T4.

Panda et al. (2009) reported that soy sterols, at a moderate concentration (5 mg/kg) for 21 days
significantly increaseed serum T4 level but reduced the levels of serum T3 in female mice

On the other hand Bitto et al. (2010) said that daily consumption of genistein for three years had no
effect on thyroid hormones, did not alter the function of enzymes involved in thyroid hormone production, did not
cause any changes in thyroid hormone auto-antibodies, and had no effect on the expression of thyroid hormone
receptors in postmenopausal women.

Therefore, the present study aims to investigate the role of soybean on different biochemical parameters,
in OVX female albino rats.

2-Material and methods

2.1- Experimental animals:-

A total of 105 female Wister albino rats, weighing between 140-150 gm were used in the present study.
The animals were obtained from the private market Abou-Rawash, Giza, Egypt. They were housed in an
environmentally controlled laboratory and acclimatized for one week before the onset of the experiment; they
were kept in cages and provided with vegetables and tap water ad libitum.

Following this week of adaptation, rats were divided into three control groups and three OV X treated
groups. The three control groups were: normal control (n=20), sham operated control without ovariectomy which
is positive control (n=20) and OV X control which is negative control (n=20). The treated group, 15 animals each,
received cooked soybean with three different doses (30, 60, 90 gm/70kg b.w.) (i.e. 60, 120, 190 mg/145 gm rat
b.w.) daily for three months then were left on AIN-93M diet (according to Reeves et al., 1993) and fresh water ad
libitum.

The dose rates in the experiments were computed according to the average weight of the rats and were
proportional to the human dose rate.

2.2- Surgical procedures:-

Under general anesthesia, bilateral ovariectomy was performed by ligation and excision of both ovaries.
The sham-operated rats were treated in a similar way, but only the ovaries and oviducts were manipulated.

Estrogen content was examined every week after ovariectomy to ensure that it declined to its level in
menopause.

2.3- Soybean diets:-

Soybean (type: Giza 22) were purchased from Agriculture Research Center, Giza, Egypt.  Soybean
seeds were soaked for 12 hours at room temperature then were cooked at 100°C for 30 minutes to decrease the
amount of the anti-nutrients.

2.4 - Sample collection:-

2.4.1- Body weight and absolute organs weight analyses:-
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Body weight of rats were recorded before and after the experimental period. After sacrifice left femur bone was
obtained , weighed and placed in 1:1 ether & alcohol .

2.4.2-Blood samples.

At the end of each experiment blood was withdrawn from the orbital plexus of the eye or cardiac puncture and
serum was separated to be used for the estimation of the following parameters:

1. Determination of serum total calcium by the colorimetric method according to (Gindler, 1972) using Bio-
diagnostic Co Kits.

2. Determination of calcium content in bone according to (Puntheeranurak et al., 2006 ) and
Charoenphandhu et al., 2007).

3. Determination of serum total estradiol using radioimmunoassay kits (Siemens Medical Solutions Diagnostics,
USA) according to (Xing et al., 1983).

4. Determination of serum PTH using enzyme immunoassay kits (Siemens Medical Solutions Diagnostics, USA)
according to (Kao et al., 1992)).

5. Determination of serum free T3 using enzyme immunoassay Kits (Siemens Medical Solutions Diagnostics,
USA) according to (Young et al, 1975).

6. Determination of serum free T4 using enzyme immunoassay kits (Siemens Medical Solutions Diagnostics,
USA) according to (Liewendhal, 1990).

7. Determination of serum TSH using radioimmunoassay kits (Siemens Medical Solutions Diagnostics, USA)
according to (Baloch et al., 2003).

2.4.3- Statistical analysis:

Statistical analysis was evaluated by using student "T" test. Analysis of variance (ANOVA) was also
used to assess the significance of differences among various treated groups. Statistical processor system support
"SPSS" for windows soft ware, release 10.0 (SPSS, Chicago, IL) was used.

3.Results

3.1 Analysis studies:

Table (I) show the effect of different doses of soybean on femur bone weight, femur bone Ca++,
serum Ca++, E2 and PTH of ovariectomized female albino rats treated for three months.

The present data indicate that in comparison to the sham-operated group, OVX control groups showed
significant decrease of femur bone weight , femur bone Ca++ , serum Ca++ and total estradiol , but, increase in
PTH

Compared to OVX-control group, OVX female rats fed on 60, 120 and 190 mg soybean/145 gm/ rat
b.w. showed significant increase of femur bone weight, femur bone Ca++ , serum Ca++ , femur bone weight ,
femur bone Ca++ and and for serum Ca++ . This was accompanied with a decrease in serum PTH . Total E2 in
OVX female rats fed on 60,120 and 190 mg soybean/145 gm /rat b.w. showed slight increase .

Table(l1)show the effect of different doses of soybean on serum TSH and thyroid hormones of
ovariectomized(FT; ,FT,) female albino rats treated for three months.

The present data indicate that in comparison to the sham-operated group, OVX showed slight decrease of
FTsand FT, as well as a slight increase of serum TSH .

Compared to OV X-control group ,with OVX female rats fed only on 190 gm soybean/145gm/rat b.w.
showed significant decrease of serum FT3 and T, . This was accompanied by a significant increase of serum levels
of TSH in OV X female rats of the same group

3.2 Histopathological studies:

Fig. (1) Shows Histopathological studies of thyroid gland, normal control of rat of with normal histological
structure of the active follicles (F) with cubodial lining epithelium (arrow). (H&E x 250)
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Fig. (2) Photomicrograph of thyroid gland of OVX-control rat showing inactive cystic dilatation with massive
amount of colloid in the follicular lumen (C) and flattened lining epithelium (arrow). (H&E x 250)

Fig. (3) Photomicrograph of thyroid gland of treated OV X rat with 60 mg soybean / rat b.w. showing cubodial
lining epithelium of the follicles (arrow), atrophy and obliteration in some follicles (A) while other
containing eosinophilic colloid (C). (H&E x 250)

Fig. (4) Photomicrograph of thyroid gland of treated OV X rat with 120 mg soybean / rat b.w. showing flattened
lining epithelium of the follicles (arrow) and dilatation in most of the follicles (F). (H&E x 250)

Fig. (5) Photomicrograph of thyroid gland of treated OVX rat with 190 mg soybean / rat b.w. showing dilatation
of the interlobular blood vessels (V), cloudy swelling and necrotic cell between the follicles (arrow).
(H&E x 250)

4 .Discussion

The present data indicate that in comparison to the normal control group, OVX showed significant
decrease of femur bone weight, femur bone Ca*™ and serum Ca™", but serum PTH significantly increased.

Compared to OVX-control group, OVX female rats fed on( 60, 120, 190 mg/145 gm rat b.w ) daily
showed significant increase of femur bone weight, femur bone Ca™ and serum Ca*™. The increase in femur bone
weight and serum Ca™" with all doses while femur bone Ca™ with 90 gm was higher than the normal control
group which may lead to adverse effects. This was accompanied by a significant decrease in serum PTH of OVX
female rats fed only on 90 gm soybean/70 kg human b.w.

These results agree with Mei et al. (2001) who found that soy isoflavones significantly lowered serum
PTH, this decrease was associated with an increase in BMD in postmenopausal women.

A possible explanation for the increase of femur bone Ca*™ during consumption of soybeans may be due
to its ability to increase intestinal Ca™ absorption along with modulation of PTH levels to reach the normal
control group (Omi et al., 1994). Also, Basal diet used in the present study consisted of vitamin D3 which
maintains mineral homeostasis and increases intestinal Ca™ absorption. In addition to the presence of minerals
suchas Ca™.

Another interpretation of increased Ca*™ content in bone may be due to soy proteins which are relatively
low in the sulfur-containing amino acids and, as such, are hypothesized to be potentially to the Ca™ regulation
and the skeleton (Massey, 2003). Also, Kaneko et al. (1990) and Messina and Messina (2000) stated that
because fewer sulfur-containing amino acids are found in soy foods, the result is a decrease in urinary Ca"™
excretion, which was assumed to occur because of better retention of Ca*™" in bone.

The increase of total Ca*™ in serum may be due to the presence of protein and/or peptide in soybeans that
bind to Ca™ and decrease urinary Ca*™ excretion (Arjmandi et al., 1994). So it is logic to assume that total Ca™
concentration in serum was increased.

In addition, genistein aglycones showed a positive effect on bone confirmed by decrease osteoclastic
resorption by numerous possible mechanisms: Induction of apoptosis (Rassi et al., 2002), inhibition of protein
tyrosine kinase (Williams et al., 1998), activation of protein tyrosine phosphatase (Goa and yamaguchi, 2000),
change in intracellular concentrations of Ca™ and membrane depolarization (Okamoto et al., 2001) and increase
osteoblastic formation via at least three lines of evidence: 1- Stimulation of activity, proliferation, and
differentiation in cells of osteoblast lineage (Choi et al., 2001 and Lee et al., 2001); 2- Protection of osteoblasts
from apoptosis (Choi et al., 2001); and 3- enhancement of bone formation rate (Dang et al., 2002).

Filipovic et al. (2010) cited that daidzein may affect bone structure indirectly through enhancement of
thyroid C cell activity. Namely, calcitonin secreted from C cells is known to inhibit osteoclast activity directly
through its receptors and stimulation of osteoblast activity. This hormone suppresses the number and mortility of
osteoclasts (Gao and Yamaguchi, 1999).

Soy isoflavones may exert similar effects as growth hormone (GH) on BMC by increasing IGF-1, which
increase osteoblastic activities (Arjmandi et al., 1998 and 2003), the anabolic effect may result in appositional
growth, resulting in an increase in bone area (Landin-Wilhelmsen et al., 2003).
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As to the knowledge of the author no available data are present concerning femur bone weight. The
increase of femur bone weight after three doses was higher than OVX- control and normal control could be
explained by the presence of a fatty substance which was noticed during the practical work during grinding the
bone had a creamy and greasy appearance.

The present data indicate that in comparison to OVX-control group, OVX female rats fed 120 and 190
mg soybean/145 gm rat b.w. showed significant decrease of FT;. Serum FT, significantly decreased in OVX
female rats fed only on 190 mg soybean /145gm rat b.w. This was accompanied by a significant increase of TSH
in OVX female rats fed only on 190mg soybean /145 gm rat b.w. However, soybeans had no effect on serum
total T5 and T,.

These results agree with studies which found decrease in serum FT3 and increase in TSH (Kajiya et al.,
2005 and Panda et al., 2009), decrease in serum FT, (Jayagopal et al., 2002) and no significant effect in serum
total T, and T3 (Mackey et al., 2000; Thiagarajan et al., 2000 and Roughead et al., 2005) after consumption of
SO0y components.

A possible explanation may be due to that soy isoflavones are goitrogenic in nature (Divi et al., 1997 and
Doerge and Sheehan, 2002). Indeed, Schroder-van der Elst et al. (2003) demonstrated that isoflavones
decreased iodide uptake and sodium-iodide symporter (NIS) that is located in the basolateral plasma membrane of
the thyrocytes and use to transport and concentrate iodide from the circulation into the thyroid follicles during
early hours of treatment. The inhibition of targeted iodide uptake via NIS may reduce thyroid hormone synthesis
and decrease thyroid hormone levels available for the tissues in the periphery.

Divi and Doerge (1996); Chang and Doerge (2000); Son et al. (2001); Doerge and Chang (2002);
Doerge and Sheehan (2002); Howard (2003); Hamann et al. (2006) and Hampl et al. (2009) interpreted the
decrease in serum T3 and T, by the ability of soy isoflavones to inhibit TPO, the enzyme necessary for the
iodination of tyrosine residue in the thyroglobulin molecule which undergo oxidative coupling to yield
predominantly T, and to a minor amount of biologically active form Ts. Inhibition of TPO leads to decrease
thyroid hormone synthesis. These decreased levels of thyroid hormones could then stimulate TSH secretion
through the hypothalamo-pituitary-thyroid axis. The follicular cell hypertrophy induced by TSH could then lead
to goiter formation (Howard, 2003). In addition, Doerge and Sheehan (2002) found that in the presence of
iodide ion, genistein covalently binds to the active side of TPO and blocks its activity by acting as alternate
substrate for TPO resulting in the formation of mono-, di- and tri-iodogenistein.

Also, Ganong (2005) studied the impact of soy sterols in lowering the concentration of serum Ts, this
could be because of the sterol which induced inhibition in peripheral conversion of T, to T,, the major source of
the generation of the latter hormone. This possibility was supported by a proportionate reduction in the activity of
primary deiodinating enzyme, 5'DI. A significant inhibition in G-6-Pase, a marker enzyme of thyroid function
(Panda and Kar, 2006) observed in sterol treated group, which further supported the fact that soy sterol has the
potential to inhibit thyroid function, particularly the T synthesis, through an inhibition in extrathyroidal
conversion of T, to T;. Also, the possible reason for the decrease of thyroid hormones may be due to atrophy and
obliteration in thyroid follicles as seen in the present histological study Figs. ( 3, 4 & 5).

Bone is the major storage site for calcium in the body, and movement of calcium into and out of bone helps
to determine blood calcium levels, which is critical for normal muscle and nervous system function. Calcium
moves into bone as osteoblasts build new bone and out of bone as osteoclasts break down bone. When osteoblast
and osteoclast activity is balanced, the movement of calcium into and out of a bone is equal.

When blood calcium levels are too low osteoclast activity increases, calcium is released by osteoclasts
from bone into the blood, and blood calcium levels increase. Conversely, if blood calcium levels are too high,
osteoclast activity decreases, calcium is taken from the blood by osteoclasts to produce new bone, and blood
calcium levels decrease. Also, parathyroid hormone (PTH) from the parathyroid glands stimulates increased bone
break down and increased blood calcium levels by indirectly stimulating osteoclast activity. PTH also increases
calcium reabsorption from the urine in the kidney. PTH also stimulates the kidneys to form active vitamin D,
when increases calcium absorption from the small intestine, decreasing blood calcium levels stimulates PTH
secetion. In addation calcitonin, secreted from C cells of thyroid gland, decreases osteoclast activity and thus
decreases blood calcium levels. Increasing blood calcium levels stimulate calcitonin secretion, these agreement
with Filipovic et al. (2010) cited that daidzein may affect bone structure indirectly through enhancement of
thyroid C cell activity. Namely, calcitonin secreted from C cells is known to inhibit osteoclast activity directly
through its receptors and stimulation of osteoblast activity. This hormone suppresses the number and mortility of
osteoclasts.
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In conclusion our finding suggest that soy protein does not restore bone loss in osteopenic rats however,
higher doses of iso flavones may be required to revelse the bone loss. From the all result in our study, soybean
may have adverse effects on bone health and pituitary thyroid axis which is reflected by significant decrease in
thyroid hormones in ovariectomized female albino rats.

Table (1): Effect of different doses of soybean on femur bone weight, femur bone Ca++, serum Ca++, E2 and PTH
of ovx female albino rats treated for three months.

Parameter Femur Femur Serum Total E2 PTH
bone bone Ca++ Ca++ (pg/ml) (pg/ml)
Groups weight (mg/gm) (mg/dl)
(gm)
Normal Range 0.27-0.31 10.58- 8.91-11.98 7.26-8.86 7-10.4
control 15.31
Mean + 0.28+0.01 12.43 10.24+0.28  7.94+0.48  8.71+0.59
S.E. +0.41
Range 0.25-0.33 10.11- 8.36-12.07 6.38 - 8.9-11
13.44 10.18
a Sham- Mean + 0.3+0.01  11.35+0.33 10.79+0.34 8.78+1.21 9.44+0.4
3 operati S.E.
= on % of 7.14 (a) -8.69 (a) 5.37 (a) 10.58 (a) 8.38 (a)
© change
€ P value N.S (a) N.S (a) N.S (a) N.S (a) N.S (a)
S Range 0.25-0.28 6.12-9.05 7.98-8.71 179-499 10.3-121
OovX Mean + 0.27+0.01 8+0.32 8.39+0.11  3.41+0.71 11+0.42
S.E.
% of -10 (b) -29.52(b) -2224(b) -6116(b) 16.53(b)
change
P value P<0.05(b) P<0.001 P<0.001 P<0.01(b)  P<0.05(b)
(b) (b)
First Range 0.31-0.36  8.05-12.2 957-1255 2.48-595 7.84-11.4
group Mean % 0.33+0.01  9.65+0.56 11.23+0.33  4.66+1.1 9.51+0.68
(60mg/1 S.E.
45gm % of 22.22 (c) 20.63 (c) 33.85 (c) 36.66 (c) -13.55 (c)
b.w.) change
P value P<0.01(c) P<0.05(c) P<0.001 N.S (c) N.S (c)
(©)
Second Range 0.31-0.36  8.63-14.88 12.54— 3.96-6.19 5.6-11.77
S group 13.44
o (220mg/ Mean + 0.34+0.01 11.79+0.75 13.18+0.08 4.93+0.66  8.92+1.09
_g’ 145gm S.E.
8 b.w.) % of 25.93 (c) 47.38 (c) 57.09 (c) 44,57 (c) -18.91 (c)
8 change
ps P value P<0.001 P<0.001 P<0.001 N.S (c) N.S (c)
g _ (©) (© (©)
> Third Range 0.32-0.35 10.4-18.38 12.07- 4.21-5.84 6.6-10.2
%} group 14.81
(2190mg/ Mean + 0.34+0.01 14.88+0.82 13.36+£0.26  4.96+0.48  8.53+0.62
145gm S.E.
b.w.) % of 25.93 (¢) 86 (C) 59.24 (c) 45.45 (c) -22.45 (c)
change
P value P<0.001 P<0.001 P<0.001 N.S (c) P<0.05 (c)
(c) (c) (c)
ANOVA F=10.76 F=17.34 F=39.14 F=6.79 F=15
P <0.001 P <0.001 P <0.001 P <0.01 N.S
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(a)compared with normal control group

(c) compared with OVX group

N.S: non-significant

Table (11): Effect of different doses of soybean on on serum TSH and thyroid hormones of ovariectomized

P: probability

female albino rats treated for three months.

(b) compared with sham-operated groups

S.E.: standard error

Parameter TSH Free T, Free T,
Groups pulU/ml) ng/dl pa/ml
Normal Range 0.1-0.2 1.41-1.65 4,72-54
control Mean £ S.E. 0.15+0.01 1.56 £ 0.08 5.01+0.14
7 Range 0.15-0.19 15-174 442 -4.8
%‘ Mean £ S.E. 0.17 £0.01 1.65+0.05 457 +£0.12
5 Sham- % of change 13.33 (a) 5.77 (a) -8.78 (a)
s operatio P value N.S (a) N.S (a) N.S (a)
= n
s Range 0.15-0.31 1.49-1.6 3.83-4.86
© OovX Mean £ S.E. 0.18 £0.03 1.53+0.04 4.46 £0.32
% of change 5.88 (b) -7.27 (b) -2.41 (b)
P value N.S (b) N.S (b) N.S (b)
First Range 0.15-0.31 1.38-1.76 42-4.7
group Mean £ S.E. 0.18 £0.02 15+0.11 4.45+0.14
(60mg/l % of change 0 (c) -1.96 (¢) -0.22 (¢)
Q 45gm P value N.S (c) N.S (c) N.S (c)
3 b.w.)
S Second Range 0.15-0.33 1.4-152 3.72-4
3 group Mean £ S.E. 0.21 +£0.03 1.47 £0.04 3.86 £ 0.08
© (120mg/ % of change 16.67 (c) -3.92 (c) -13.45 (c)
= 145gm P value N.S (c) N.S (c) N.S (c)
s b.w.)
E;: Third Range 0.19-0.36 1.35-1.43 3.52-3.6
3 group Mean £ S.E. 0.27 £0.02 1.38£0.03 3.56 £ 0.02
(190mg/ % of change 50 (c) -9.8 (¢) -20.18 (c)
145gm P value P <0.05 (c) P <0.05 (c) P<0.05 (c)
b.w.) ANOVA F=471 F=228 F=10.36
P <0.01 N.S P <0.001

(a)compared with normal control group (b) compared with sham-operation

(c) compared with OVX group

N.S: non-significant

P: probability

S.E.: standard error
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Fig. (1) Photomicrograph of thyroid gland of normal control rat showing normal histological structure of
the active follicles (F) with cubodial lining epithelium (arrow). (H&E x 250)

Fig. (2)Photomicrograph of thyroid gland of OVX-control rat showing inactive cystic dilatation with
massive amount of colloid in the follicular lumen (C) and flattened lining epithelium (arrow). (H&E x 250)
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Fig. (3) Photomicrograph of thyroid gland of treated OVX rat with 60mg soybean / 145 gm /rat b.w.
showing cubodial lining epithelium of the follicles (arrow), atrophy and obliteration in some follicles (A)
while other containing eosinophilic colloid (C).

(H&E x 250)

Fig. (4) Photomicrograph of thyroid gland of treated OVX rat with 120mg soybean / 145gm/rat b.w.
showing flattened lining epithelium of the follicles (arrow) and dilatation in most of the follicles (F). (H&E
x 250)

Fig. (5) Photomicrograph of thyroid gland of treated OV X rat with 190mg soybean / 145gm/ rat b.w.
showing dilatation of the interlobular blood vessels (V), cloudy swelling and necrotic cell between the
follicles (arrow). (H&E x 250)
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